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INVESTIGATIONOFLONGITUDINALANDLATERAL-DIRECTIONAL

AERODYNAMICCHARACTERISTICSFORA 2 PERCENT(MODELI05_@)

SPACESHUTTLEORBITER (VEHICLE 102) IN THE

LARC UPWT AT MACH NUMBERS FROM 2.5 TO 4.5 (LAI25)

ABSTRACT

Experimental aerodynamic investigations were conducted in the NASA/LaRC

UPWT from July 7 to July 12, 1978 on a 0.02 scale model of the space

shuttle orbiter vehicle 102. The primary objective of the test was to

obtain lateral-directional aerodynamic characteristics of the orbiter over

a Mach number range from 2.5 to 4.5. Six component force and moment data

were recorded over the Mach range at a constant freestream Reynolds number

of 2 million per foot. Angle of attack varied from -i ° to 20° at constant

sideslip angles of 0° or 2° . Sideslip angles varied from -6 ° to 4° at

selected constant angles of attack between 3.5 ° and 20 °. The only configu-

ration variable tested was speedbrake deflection of 25 ° , 55 ° and 87.2 ° .

All other aerodynamic controls were neutral.
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SYMBOL

a

Cp

M

P

q

RN/L

V

B

b

c.g.

_REF
E

MNEMONIC

CP

MACH

Q(NSM)

Q(FSF)

RN/L

ALPHA

BETA

PSI

PHI

BREF

LREF

SREF

HRP

NOMENCLATURE

General

DEFINITION

speed of sound; m/sec, ft/sec

pressure coefficient; (Pl - P_)/q_

Mach number; V/a

pressure; N/m 2, psf

dynamic pressure; 1/20V 2, N/m 2, psf

unit Reynolds number; per m, per ft

velocity; m/sec, ft/sec

angle of attack, degrees

angle of sideslip, degrees

angle of yaw, degrees

angle of roll, degrees

mass density, kg/m 3, slugs/ft 3

Reference & C.G. Definitions

base area; m 2, ft 2

wing span or reference span; m, ft

center of gravity

reference length or wing mean aerodynamic chord; m, ft

wing area or reference area; m 2, ft 2

moment reference point



SYMBOL

SUBSCRIPTS

b

i

S

t

_O

C

CN

CA

,Cy

CAb

CAf

C m

MNEMONIC

XMRP

YMRP

ZMRP

CN

CA

CY

CAB

CAF

CLM

NOMENCLATURE (Continued)

DEFINITION

moment reference point on X axis

moment reference poink on Y axis

/

moment reference point on Z axis

base

local

static conditions

total conditions

free stream

balance cavity

Body-Axis System

normal-force coefficient;
normal force

qS

axial-force coefficient; axial force
qS

side-force coefficient; side force
qS

base-force coefficient;

-Ab(Pb - p®)/qS

base force

qS

forebody axial force coefficient, CA - CAb

pltchlng-moment coefficient; pitching moment

qS£REF

6



NOMENCLATURE(Continued)

SYMBOL

%

C_

MNEMONIC

CYN

CBL

DEFINITION

yawing-moment coefficient; yawing moment
qSb

rolling-moment coefficient; rolling moment
qSb

Stability-Axis System

CL

CD

c%

CL

CD

CDB

lift coefficient; lift
qS

drag doefficient; drag
qS

base-drag coefficient;
base drag

qS

CDf

Cn

C£

CDF

CY

CLM

CLN

CSL

forebody drag coefficient; CD - CDb

side force
slde-force coefficient;

qS

pltching-moment coefficient; pitching moment

qS_RE F

yawing-moment coefficient; yawing moment
qSb

rolling-moment coefficient; rolling moment
qSb

L/D

L/D

6a

_e

L/D

L/DF

AILRON

ELEVON

lift-to-drag ratio: CL/CD

lift to forebody drag ratio; CL/CDf

aileron, total aileron deflection angle, degrees,

[(left elevon - right elevon)/2]

elevon deflection angle, positive deflection

trailing edge down, degrees

7



NOMENCLATURE(Concluded)

SYMBOL MNEMONIC DEFINITION

dR RUDDER rudder deflection angle, positive deflection

trailing edge left, degrees

_BF BDFLAP body flap deflection angle, positive deflection

trailing edge down, degrees

_SB SPDBRK speed brake deflection angle, total included

angle, degrees



TESTCONDITIONS

The investigation was conducted in the high Mach number test section

(Leg 2) of the NASA-Langley Unitary Plan Wlnd Tunnel at Mach numbers of

2.5, 3.0, 3.5, 4.0 and 4.5. Free-stream Reynolds number for the investi-

gation was 2 million per foot or 4.30 x 106 based on the fuselage refer-

ence length. An internally mounted six-component strain-gage balance

(LARC-840) was used to measure aerodynamic forces and moments acting on

the model. Corrections have been applied to the angles of attack and

sideslip to account for sting and balance deflections produced by aero-

dynamic loads on the model.

Transition strips were applied behind the leading edges of all model com-

ponents using singly spaced Carborundum grains having a nominal grain

diameter of 0.061 cm. The streamwise locations of the transition strips

were 3.05 cm behind the fuselage nose and 1.02 cm behind the leading

edges of all wing and vertical tail surfaces. These applications can be

seen in Figure 3.

Table I delineates the prevalent tunnel conditions and gives pertinent

data concerning the balance. Table II collates and groups the runs by

Math number and configuration into datasets for ease in computer data

handling.



CONFIGURATIONSINVESTIGATED

The test article was a 0.02_scale replica of the space shuttle orbiter

vehicle 102, designated model 105-@(modified model 89-@). This vehicle

is described by the Rockwell International VC70-000002configuration con-

trol drawing and was fabricated to the March 15, 1976, OMLconfiguration,

numerical control lines. These lines were derived from the design entry

trajectory 14414.1, Revision C/C. The thermal protection system (TPS)

for these lines is based on the usage of silicon reusable surface insula-

tion (SRSl).

The orbiter model is of a blended wing/body design with a double delta

planform (81°/45° leading edge) wing of 12 percent thickness and fullspan

elevons with gaps between the outboard and inboard panels and between the

inboard panel and the fuselage. A single centerllne vertical tall with

rudder/speed brake capability is mountedbetween the orbital maneuvering

system (OMS)pods on the aft fuselage, and a body flap is fitted to the

lower trailing edge of the fuselage.

2a.

Orbiter geometry is shownin Figure

The main propulsion system (MPS)nozzles are simulated, but are trimmed

to clear the sting support through the base. The OMSnozzles and all

reaction control system (RCS) thruster ports in the forward fuselage and

OMSpods are simulated.

i0



CONFIGURATIONSINVESTIGATED(Continued)

Fuselage outer mold line (OML)penetrations and protuberances which are

simulated include:

* Recessedwindshields, hatch, an_dobservation windows
* Simulated forward and aft RCSnozzles
* Cargo bay door hinges
* T-zero umbilical panels
* Vents: cargo bay, forward RCS,wing flipper door, OMSRCS,

and aft fuselage
* Spanwise steps: Vertical tail/rudder and body flap

The model is constructed entirely of Armco17-4 stainless steel to with-

stand the environment of high temperature tunnels. The mid/aft upper

fuselage is fabricated from a single block with a longitudinal bore into

which balance or waterjacket adapters can be inserted. The OMSpods are

an integral part of this block. The vertical tall is a separate piece

which mounts on top of this block. The nose/forward fuselage is fabri-

cated as a hollow shell. The wing/lower fuselage is composed of a single

piece with separate control surface components. A two-piece aft fuselage

block/base plate incorporates the simulated MPS nozzles, aft RCS pods,

and simulated OMS nozzles. Model weight is approximately 96 pounds,

including balance adapter, with a center of gravity location at approxi-

mately model station Xo 21.50.

All control surface positions are set manually. Separate elevon bracket

components have been fabricated for each elevon/aileron deflection angle.

The available elevon brackets are, for the left side (inboard and out-

board): -35, -20, -i0, -5, O, +5, +i0, and +20 degrees; and for the right

ii



CONFIGURATIONSINVESTIGATED(Continued)

side (inboard and outboard): -35, -30, -20, -15, -i0, -5, 0, +5, +I0,

and +20 degrees. Theseare nominal values. Measuredvalues are given

in Table IIl. Only 0° elevon/aileron setting was utilized during this

test.

The body flap is attached to the base of the orbiter with a bracket

mounted to the top of the body flap and the baseplate of the model.

Separate brackets are provided for nominal body flap deflection angles of

-11.7, 0, 16.3, and 22.5 degrees. Measured values are given in Table III.

As with the elevons_only 0° bodyflap deflection was tested during this

study.

Separate model components are provided for speed brake settings of 0, 25,

55, and 87.2 degrees. Each speed brake can be pinned at rudder deflection

angles of O, 2.5, 5, 11.28, and 22.8 degrees, with the exception that the

87.2 degree speed brake is limited to a maximum rudder deflection angle of

11.28 degrees. The above are nominal settings. Measured values are given

in Table III. Rudder deflection remained at zero while speed brake deflec-

tions of 25, 55 and 87.2 degrees were investigated for this test.

The following nomenclature, illustrated in Figures 2b and 2c, was used to

designate model components:

Symbol Description

B75 OVI02 fuselage including T-zero umbilical panels,

crew hatch, and cargo bay door gaps.

12



Symbol

C16

E64

FI6

FR22

HGI

M52

NI08

NI09

NIIO

NIl1

R20

V27

VTI0

VTII

VTI2

VTI3

VTI4

VTI5

VTI6

CONFIGURATIONS INVESTIGATED (Continued)

Description

Canopy including recessed windshields and

observation windows.

Elevons, including elevon/elevon and elevon/

fuselage gaps.

Body flap.

Fairings for the forward cargo bay door hinges,

6 per side.

Cargo bay door hinges, 13 per side.

OMS pods.

Forward RCS thruster nozzle ports.

Main propulsion system nozzles (inner surfaces cut

away for sting clearance).

OMS nozzles.

Aft RCS thruster nozzles and ports.

Rudder, split into left and right speed brake

panels.

Vertical tail.

Cargo bay vents, 4 per side.

Wing/landing gear bay vents, i per side.

Cabin vents, i per side.

Forward RCS vents, i per side.

Aft fuselage vents, i per side.

OMS RCS vents, i per side.

Flipper door vents.

13



CONFIGURATIONSINVESTIGATED(Concluded)

Symbol

VTI7

WI31

Description

Miscellaneous vents, ports and penetrations.

OVI02 wing.

Angular definitions for control surface deflections are shown in Figure

lb.

14



TESTFACILITYDESCRIPTION

The NASALaRC4-foot Unitary Plan Wind Tunnel (UPWT)is a closed-circuit

continuous flow, variable density facility. The test section is 4 feet

by 4 feet by 7 feet long.

Two tunnel legs are available for supersonic testing in the Machnumber

ranges 1.47 to 2.86 (Leg N.. i) and 2.29 to 4.63 (Leg No. 2). Leg No. 2

was used for this test. An asymmetric, sliding block nozzle position and

total pressure setting provide the test Machnumbers at a specified

Reynolds number. Reynolds numbercan be varied from 0.76 to 7.78 million

per foot. Available stagnation pressure variation is 4.0 to 142 psia.

Dynamicpressure variation is 95 to 1260 psf with normal operating stag-

nation temperature about 150°F in Machmodes2 or 3 and about 175°F in

Machmode4. The tunnel is equipped with a dry air supply, an evacuating

system, and a cooling system. The facility power is approximately 83,000

horsepower.

Model mounting provisions consist of various sting arrangements, includ-

ing axial (longitudinal), lateral (independent pitch and yaw), and roll

movementwith side wall support. A Schlieren system and oil flow visuali-

zation equipment are available. Data are recorded at the tunnel and re-

duced off-line at the Langley ComputerCenter. The tunnel is used for

force and moment,pressure, and dynamic stability tests. Hot and cold jet

effects and heat transfer have been studied in the UPWT.

15



DATAREDUCTION

Standard LaRCmethodswere used for computing tunnel parameters, model

attitudes, and balance forces and moments. Model force and momentdata

were reduced to coefficient form in both body and stability axes systems,

using orbiter wing dimensions as non-dimensionalizing factors. Axes

systems are defined in Figure la. Momentdata were reduced about a

momentreference center corresponding to sixty-five (65) percent of the

reference body length at Waterline 375. Although balance cavity and model

base pressures were measured, axial force was not corrected for these

effects. Model angles-of-attack and sideslip were corrected for support

hardware deflections.

The momentreference center (M.R.C.) is given below:

Model Scale Full Scale

Xo, inches 21.534 1076.68

Yo, inches 0 0

Zo, inches 7.500 375.0

The balance center was located one-half inch above the M.R.C. at the

model station given below:

balance:

Model Scale Full Scale

Xo, inches 24.090 1204.5

Yo, inches 0 0

Zo, inches 8.00 400

16



TEST : L/_I2

TABLE I

1
TEST CONDITIONS

DATE ; 7/7/-_8

B,,

MACHNUMBER

.,_._'o

4 ,¢o,

4, _-D

i i i

REYNOLDSNUMBER

(pillunitlength)

,e.q ×to

DYNAMICPRESSURE STAGNATIONTEMPERATURE

(pounds/N.inch) , (degreesFahrenheit)

J. ++z. /f_

z. z, 7-

Z.pI

/.t,_

t'_e,,

172-

"1'2

BALANCEUTILIZED:

NF

SF

AF

PM

RM

YM

_,,+A'¢_..+",,.,,:,,"+,,,'+,+/+,+++r.,_,.+,+,?z
COEFFICIENT

CAPACITY: ACCURACY: TOLERANCE:

_ _ -+ 4 + /v/a

,Z ffe # .. _ /.2 #

,¢._,,_'. ,t 2..'_, ,_ .

COMMENTS:

17



I--4

[-_

F--"

- F

z
0

t--

0

z

z

r'r"

l'--

ill i

no

t ,

.... _ 0 "_ ......................._-0 ....................... (

,1

o e o o < 0.o_1___.,o't-................ " ..........

I.- nr

UJ

u_ _.

_J

cO
o_1 _'

0

@

_.,..o il

18

u)
,i

:r
_r

o'1

>

f_

Z
I

I[

t3

I

I
•. ,°

_4

I

m 21

I

•_' ,j,. _ _._

! I

t.)
iI_

Z



Q;

0
_O
v

p_

°

1

J

r
q

>
n
Z

t]

L_

)-

z

U

u_
u_
L_

0

I

.A

0 0
W

iJ

u
u_

7

i9



TABLE III. MEASURED CONTROL SURFACE DEFLECTION ANGLES

Elevons

Nominal Measured Angle

Angle L.H. Outboard L.H. Inboard R.H. Inboard R.H. Outboard

+20

+10

+5

0

-5

-10

-15

-20

-30

-35

20.24

10.11

4.88

0

-4.76

-9.32

-20.40

-34.89

20.25

10.14
4.93

0

-4.82

-9.38

-20.40

-34.89

20.30

10.12

4.93

0

-4.82

-9.33

-14.37

-20.43

-29.81

-34.90

20.30

10.02

4.93

0

-4.76

-9.44

-14.42

-20.40

-29.80

-34.82
I

Body Flap

Nominal Angle Measured Angle

22.5

16.3

0

-11.7

22.62

16.38

0

-11.53

Speed Brake/Rudder

Nominal

Speed Brake

Angle

0

25

55

87.2

Measured

Speed Brake

Angle

0

25.50

54.57

86.81

0

0

-0.025

0.057

-0.038

Measured Rudder Angles at

Nominal Rudder Angles of:

2.5

2.56

2.53

2.62

2.52

5.0

5.26

5.24

5.32

5.22

11.28 22.8

11.41 23.58

11.39 23.55

11.47 23.64

11.38 ---
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8eLO + 8eLi

8eL " '2

8e R =
8eRO + 8eRi

2

8e L ÷ 8e R

2

6e L - 8e R

2

i

Positive
Deflection of Angle

Elevon,

Right,

Left,

8e R

Aero Forces.
and Moments

Rudder, 8r +fl , -$ +Cy , -C n

6e -a , -O -C m

8eL

-Cf

Hinge
Moment

-Ch r

Ch e

-CheR

+$ +Cl -CheL

Aileron, 8a +$ +Cj

Body Flap, 8bf -cx , -8 -C m -Chbf

b. Control Surface Deflections

Figure I. Axis Systems and Slgn Conventions
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_j

d. Base Pressure Tap Locations

Figure 2. Model Sketches
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Figure  3. Model Photograph - Model 105-9 I n s t a l l e d  
i n  NASA/LaRC UPWT High Yach Number Test Sec t ion  
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APPENDIX

TABULATED SOURCE DATA

Tabulations of plotted data are available from Data Management Services on

request.
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